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We present preliminary quenched results on a new operator for the investigation of string-breaking within 
SU(2)-colour QCD. The ground-state of a spatially-separated static-light meson-antimeson pair is a combination 
of a state with two distinct mesons, expected to dominate for large separations, and a state where the light- 
quarks have annihilated, which contributes for short distances. The crossover between these two regimes provides 
a measure of the string-breaking scale length. 



1. INTRODUCTION 

A first-principles demonstration of string- 
breaking has eluded lattice QCD practitioners 
for many years. Traditionally, researchers have 
performed Wilson loop simulations in full QCD, 
searching for a plateau in the static quark poten- 
tial that would signal the onset of string-breaking. 
The lack of evidence has led some to suggest that 
the Wilson loop operator may have too small an 
overlap with the broken two-meson state 
and to recommend a search for better operators. 

In this paper, we suggest such an operator, con- 
sisting of a product of spatially-separated static- 
light meson operators, that provides superior 
overlap with the broken-string state. We also 
present preliminary results that indicate this op- 
erator does induce string-breaking, even within 
the quenched approximation. 



2. THE OPERATOR 

The standard operator used in string-breaking 
investigations is the Wilson loop, the propagator 
for a spatially-separated static quark-antiquark 
pair. Obviously this operator has strong over- 
lap with the unbroken state of two static quarks 
joined by a gluon flux tube — sadly, it has proven 
to have insufficient overlap with the broken state 
of two distinct static-light mesons. 

Consider then, a composite operator consisting 
of a static-light meson-antimeson pair, separated 
by a distance i?. 



The meson-pair propagator is 

Gmm (*) R) = Gd + Ge , 
where 

GD{t,R) = Tr' 

X Tr [G,(i?,i;i?,0)G[(i?,i;i?,0) 



(2) 



Gh{0,t;0,0) G^(0,t;0,0) 



GEit,R) = -Tt hiO, t; 0, 0) G I {R,t: 0,0) 

GliR,t;R,0)GiiO,t;R,0)\ . (3) 

Contributions to Go and Gei the 'direct' and 'ex- 
change' terms, are depicted in Figure 1. 

The large- i? limit of this system must be a state 
with two distinct mesons, and so we expect Gd 
will dominate for large separations. For small 
i?, however, the light quarks can easily annihi- 
late, as shown in Figure 1, leaving a static quark- 
antiquark pair interacting through the gluon field. 
The exchange term Ge should contribute strongly 
for small separations, giving the necessary overlap 
with the unbroken state before string-breaking 
occurs. 

3. THE SIMULATION 

We performed a preliminary simulation to test 
the validity of the MM operator. An ensemble of 
150 quenched SU(2)-colour gauge configurations 
was created using an C'(a^)-improved action. 
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where P^j/ is the plaquette operator, R^i, is a 
2x1 loop with the long side along the /i-direction. 
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Figure 1. Contributions to direct and exchange 
terms — note the annihilation of hght quarks in 
the exchange diagram. 
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The lattice dimensions were {L^, Ly, Lz, Lt) = 
(10,8,8,12), with the separation between the 
static quarks along the x-dircction. The tadpole 
correction uo was derived from the plaquette op- 
erator. 
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The simulation was performed at f3 — 1.07, cor- 
responding to a lattice spacing of roughly 0.2/to, 
using the p- and 7r-meson mass ratio to set the 
scale. 

We used the tadpole-improved Sheikholeslami- 
Wohlert operator for the fermion action, 



Msw = mo + 



^a-F. (6) 



Due to the computational complexity of this 
problem, the simulation was performed at a very 
high quark mass, k = 0.135, corresponding to a 
pion to rho-meson mass ratio of m-j^/nip ~ 0.75. 

4. RESULTS 

Figure 2 shows a comparison of the direct and 
exchange terms in the propagator (||) for vary- 
ing separation R. Also shown is a linear-plus- 
coulomb fit to the Wilson loop data from the same 
lattice ensemble. Note that for small R, the ex- 
change term gives a contribution almost identical 
in size to the Wilson loop potential, indicating 



Figure 2. Direct term (squares), exchange term 
(triangles) and Wilson loop potential (circles and 
solid line) . Exchange term data are offset for clar- 
ity. 



that the light quarks are indeed annihilating to 
leave a static quark-antiquark pair. 

We expect string-breaking to occur at the point 
where the two-meson state becomes energetically 
favourable — from the slope of the Wilson loop po- 
tential, this appears to be between i? = 3 and 
i? = 4. Unfortunately, noise overcomes the ex- 
change term signal just at this point, and the 
crossover can only be inferred from the Wilson 
loop data. 

The full propagator, shown in Figure 3, gives 
a much clearer picture. The system's energy in- 
creases to a plateau at the expected level of the 
mass of the two separate mesons. The small error 
bars for large values of R indicate that, although 
noise has destroyed the exchange term's signal, 
the mixing into this term has vanished. 

Figure 4 confirms this to be the case. The com- 
parative sizes of Qoi^ = 0) and Qsit = 0) are 
taken as a rough measure of the mixing into each 
of the direct and exchange terms, and are plot- 
ted as a function of R. As expected, the direct 
and exchange terms both contribute for small i?, 
and the exchange term vanishes quickly as sepa- 
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Figure 3. Potential from full propagator. Hori- 
zontal line is mass of free static-light meson. 



Figure 4. Overlap with direct term (open) and 
exchange term (closed). 



ration increases, leaving the direct term to domi- 
nate completely for large R. 

5. CONCLUSIONS 

The use of new operators, or combinations of 
operators, to demonstrate string-breaking on the 
lattice appears to be an idea whose time has 
arrived — witness the flood of authors in these pro- 
ceedings presenting results in SU{2) QCD with 
scalar fields and references to ongoing re- 

search in fuU SUi3) QCD §. 

We have described an operator suitable for use 
in string-breaking investigations, combining the 
short-range and long-range physics into a single 
operator — that of a spatially separated staic-light 
meson pair. For small separations, this operator 
behaves like a Wilson loop, resulting in a confin- 
ing potential. For larger separations, the poten- 
tial reaches a plateau at the energy of two distinct 
static-light mesons, the fingerprint of the elusive 
broken string. This occurs even in a quenched 
simulation, since the operator must energetically 
favour the meson-pair state for large R, and so 
forces the gluon string to break. The light quarks 
are providing, within the quenched approxima- 



tion, some sea-quark effects. 

While we are acutely aware of the limitations of 
the results described here, we are confident that 
this operator will allow accurate determination of 
the string-breaking distance when used in more 
ambitious simulations. 
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